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w . 7 -, * 'In November 1973, the National’Aerongutics and Space Administzation ~ -
“(NASA) asked the National Academy of Engineering* to gonduct a summer study 4 e
. of future gpplitations of space systems, with particular emphasis on practical g
approaches, taking into consideration socioeconomic benefits. “NASA asked '.
that e study also consider how these applicatiens would iAfluence or be,
influenced by the Space Shuttle System] the principal space tramsportation
system of the 1980's. In December 1973, the Academy agreed to-perform the =~
study, and. assigned the task to the Space Applications Board (5AB). - ° ) 1
| + ~In the summers. of 1967 and 1968, the National Academy }f Sc’ieqces had’ .
‘convened'a group.of eminent scientists and engineers to determine what research: ’.
and development was necessary to permit the exploitation of uSeful applications
+°  of earth-oriented satellites. The SAB .concluded that since the NAS study, . '
* -, operational weather and co ications” satellites and the successful first :
V- o 'year of use of the experikental Earth Resources Zechnology Satellite had *
demonstrated conclusively a technological capability that could form a founda~
tion for expanding the useful applications of spacecderived information and - *
services, and that it was now necessary to obtain, from a broadfcrosseéect?g;
™ of potential users, new ideas and neegs that might guide the development of
- future space systems for practical applications, .! Tt
After discussions with NASA and other interes;ed'federal agencies, it was
agreed that a major aim of the "summer study" should be to involve, and to
* attempt to understand the needs of, resource managers and other decision-makers
who had as yet only considered space systems as exberimental rather than as '
useful elements of major day-to-day operational information and service systems.
Under the general direction of the SAB, then, a representative group of users
and potential users conducted an intensive two-week study to define user needs
that might be et by information or.services derived from earth-orbiting satel-
* lites. This work was done in July 1974 at Snowmass, Colorado. ,
For the study, nipe user-oriented panels were formed, comprised of present
or potential public and private users, including businessmen,.'state and local
government officials, resource managers, and other defision-makers. A.num7er :

*hffectiGé'July 1, 1974, the National Acadamy of Sciences and the National
Academy of Engineering reorganized the National Research Council into eight
gssemblies and commissioms. All National Academy ‘of Engineering program units,

"including the SAB, became the Assembly of Engineering.
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df scientists and technoldgists also participated, functionirg essentially

as expert consultants. The assighment made to the panels included reviewing
progress in space applications since the NAS study of 1968* and defining user
needs potentially capable pf being met by space-system applicatians.. User
Spec1aI;Qts drawn from federal, state, andTlocal goternments and from bu51ness

and'lndu§;i%; were impaneled in.the following fields:, C o, >
Panel 1: heather and Climate . . LT
' Panel 2:, Uses of ‘Communications .. ..
) . Panel - 3 Land Use Planning £ T
- - Panel 4 Agrlcufture,.Forest and Range \
* Panel" 5: ,Inland Water Resources - § ]
. * *Panel 6: Extractable Resources . * .
“+-Panel- 7. Environmental Quality L N )
Panel 8: -Mariner 2ngMaritime Uses '

' Panel 9: Materrﬂls-ProcesSing in Space !

.
.

. In addltion to study the, socioeconomic beneflts, the 1nfluence af tech-
nplogy, and the 1nterface with’ space *transportation systenms, “the following
panels (termed interactive panels) were convened:® :

+

N Ranel 10: Institutidnal Arrangements e .
N Pariel 11: Casts and Benefits '
" .  Panel 12: Space Transportation . v

Panel 13: Information Services and Information Proce551ng

-

As a basis for the1r dellberatlons, the latter groups used needs expressed
by the user panels. A substantial amount~of interaction with the user panels
» was de51gned into the study plah and was found to be both desirable and neces-
sary. ’ . R

The major part of the study.was accompllshed\by the panels. The funct1on
. of the SAB was to review the work of the panels, to evaluate their findings
and to derive from their work an dntegrated set of major conclusions and recom-
mendations. The Board's findings, which include certain significant Te commen-
dations from the panel reports as well as more general ones arrived at by
considering the workh of the study as a whole, are contained in a Teport pre-
pared by the Board.** »

It should be emphasized that the study was.not de51gned to make detailed
asSessments of all of the factors,which should be cons1dered in establishing
priorities. In some cases, for example, options other than space systems
for accomplishing the same obJectlwes may need to be assessed requirements for

“~

1] ‘ . o . R

) ]
*National Researth Council. Useful Appiications of Earth-Oriented Satellites,
Report.of the Central Review Comittee. National Academy of Sciences,
hashlngton,.D c., 1969
_ **Space Appluvcations Board, National Research Council. Practical Aprilications

Q, Space Syeteme. National Academy’ of Sc1ences, Washlngton, D.C., 1975.
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: , .
institutional or 6rganizational support may need to be appraised; multiple® - oo
uses-of systems may need to be evaluated to achieve the most efficient and ,f// :
- economic returns. In some cases, analyses of costs and benefits will be rr o
needed. ' In this connectior, spegific cost-benefit studies were not conducted
- . as a part of the two-week study. Recommendations for certain,such analyses,
however, appear in the Board's report, together with fecommendations designed
. to provide an ipprovel basis upon which to make cost-berefit assessments.

"In sur) .the study was designed to provide an opportunity for knowledgeable !
and experienced users, expertg in.thelf fields, to express their needs for ’
informati'on or services which might (or might not).be met by space‘ystems,
and to relate ‘the’ present and potential capabilities of space systems to t .
their needs. The 'study did not aytempt to examine in detail the scientific, Y
technical, or economic bases fopizhe needs expressed by -the users. .

.+ . 'The SAB %as impressed by the quality of the panels' work and has asked . .
* that their reports be' made available as supperting docyments for the Board's

rgport. “hile the Board is in general accord with the panel reports, it~ . ' .
_does not necessarily endorse thém in every detail. o . .

.+ The eonclusions and recommendations of this, panel report should be con-- -
sidered within the context of the report prepared by the Space Applicatiohs .
Board. .~The views presented in the panel report represent the general consensus
of the panel. Some individual members of.the panel may not agree with every
conclusion or recommendation containéd in the report. ’
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> ’ - Define the Iandqﬁse plamning discipline, < i .

o land use. planning.

Lt

s S s P4
€ - N .
s Y * = 4 > s .
P 4 ' -~
| ' INTRODUCTION - L
, . ’. "
- - c v , ol
. b . ' Y
- . . LI o - ’.’ . / - . '.
- -“ . LI ™ . - . .. » , \
/. OBJECTIVES OF LAND USE PLANNING . ) O e . .

\ X . . ! - .
The Panel qn Land Use Planning was comﬁ%iqed of persons who have been .
“involved in remote sensing, processing of ghe @ata acquired, and actual utiliza-

“«tion in the field of remotély sensed information. Thus, the group was multi- s

disciplinary in temms of the technoldgy involved, the application of sueh -
.technology, and the perception of the future utilization of remote sensing in “ o
. B ‘ * o o ] #

~ The approaéh included interaction with thé advisory resource personms, .the
technology team, the intéractive panels, and representatives of the Natdonal, ° v
-Kéronéﬁtics and’Space Administratian (NASA), the U.S. Geological Survqy_(USQS),
the Environmental Protection Agency .(EPA), and the European Spég¢e Research
;OTganizatign (ﬁSRO)-who.were present at the study. The first phase of the sttdy
.evaIuated'idggs,_ﬁpﬁlications, and future opportunities. The second phase .isola-

ted) those aregs, in which furth®r information and definition were required, In°® T

the third phase,.yser requirements were developed in accordance with the Space °,’

~ 7

" Appljcations Board's'plan for the Summer Study.and findings and recommendations .. _°

vere formulited as a basis for furthgPdiscussion and devejopment By’ the Space ..
Applications Board, ». = - R E - C e
* The objectives 6F the Panel to: . e o T
SOV T T Tt R

mation ‘obtained by remote sensisg,

4

Define the current state-of-the-art as it may make use of infor- "1} :
-

Present. a 5- to 15-year scenaiioxéor the iﬁpact of remote sensing \ v
from air and space platforms on land use planning, and :

L]
»

.Identify critical factors in the apincations_of rémotely sensed

"ddta to land use planning., - L -ca . .

‘ L " ’ . R
The Panel conducted, its deliberatiomy from the viewpoint of operatioﬁal' ’

" users at the local, regional, state} federal levelys The Panel believes .

“ this differs from that of previous studies iff which the definition of user needs

was apparently based primarily on outputs from principal investigidtors drawh RN
from the research and development community. '

N . I . €. . .
1 Co

R E \\Sk E ' _
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oL ) . | 4 I i
‘ Contained in the report are the Panel's views, on progress since the study
_of practical uses o0f space systems.conducted by the National Academy of Sciénces 1
" in_1967-68, the utility of remote sensing, user requlrements, users' educational
needs a revien of technical requirements, some information on costs and benefits, -
and summaries of case'studies of three states -- Colorado, California, and Alaska.

-

[N : . - .
DEFINITION OF LAND USE PLANKING . » . =

Land use plannlng is defined és planning for the allocation of act1v1t1es
» to land areas in order 0 beneflt hunans. The d;sglpllne .involves thrge ‘sets
of tasks as follow‘s,, ‘ ) .
’ N l. ) . 4 ’ . . .
Forecasting,requirements or demands .for goods and setvices,

.

L4 4 *

¢ Estimating the supply of land available to.produce these goods
. and seryices (in terms of amount, location, quality, suitability,
S orggapability), and . . N T

-~

- Evaiuafing, 1mplement1ng, and monltorlng alternatlve management
- and control strategies.

. Land use planning dealsswith al’l p0551b1e uses, ifcluding urban\(resmenmal
coii§§21al, industrjal, institutional), transnortatlon agr1cu1ture, ferestry,
3

rini and outdoor recrgation., °The Panel on Land Use Planning has attempted, in Y
prepdrihg this repbrt, to adopt as broad ‘a,view as, poss:.ble of thé land use plan-
., ning® process.’ .

All three of the tasks 11sted above have 'substaftial 1nformat1on requlre-
ments which may be saxlsfleaﬂnﬁ\eméte sensing. For example, information derived -
from T e sensors is potentially useful in the first.task a ea to calibrate '
models @ forecast growth pattern by, extra:oolatnm In th¢ third tdsk area, °
plannm;,de»lsrons whichyhave sgatial marhcatlons {such as ¥ssessing ‘the impact,
of, urbani-atmp on tragical em'uamem.ﬁ areas} re'wore €asily monitored by
sateljite thag S conventional g Gecks., Iaxesixgdfbrs Tor the Farth v
ResouTces Technplogy Satellive [EX1S-1, since renamed LANDSAT-1) have demonstrated
o ° thls capability: however, thie/most 51gn1f1can; potential contribution of remote
sensing w1ll be 1n’ the*second (taskh area. We believe that the.principal element
in future ‘land use planning witd be evaluation of the available land resources.
This task 1s partlcularly difficult because current information-gathering tech- ‘

niques result in incomplete coverage, 1n3ppr0pr1at§ scale, tpoor reliability, ‘or’

unt1mel1ness (because of inherent lags in the inforkation-gathering process).

Remotely :en;ed 1nformat1qp may prov1de 51gn1f1cant a ntation of more comven-
tlonal methods . ) .
° ‘: .4 , :‘5 . . ' ‘ ~.
' - T THE PLANNING PROCESS

. . .

" The method> b) hhlch plannlng dec151ons should @ made involves the follow-
ing steps: "\ , - '

. Défi ition of the problem R




quuisiEEPﬁ of data relevant to tfie problem
[ - " . ° . .
Establishment of goals and policies : :

-

Implémentatioh of a specific plan of action N . .

. Evaluation and monitoring of progress through the plan toward /
the goals, - . = >

The ‘Panel believes that «the problefi of acquiring relevent data is currently
the Jimiting factor in land use planning. 'In the experience of the Panel members,
* the difficulties in acquiring adequate data are such that the succeeding steps in

the land planning process (establishment of goals and policies, *and implemention
of specific plans of actiog) are often based on imperfect information, and the
final step ‘(evaluation and monitoring of progress toward the goals) is done
only superficially. A supply of remotely sensed imagery may reduce the amount
of effort devoted to data acquisition and allow more resources to be applied and
rational decisions made in the later stages in the planning process. &

A flow of remotely sensed imagery might also help to pace the planning pro-
cess, since problem identification can be established as a responsibility of the

planning agency to be carried out on a regular basis as remotely sensed data are
received, :

\ L)

. PARTIGIPANTS IN LAND USE PLANNING ¥

) The participants in land use planning (and, therefore, the potential users
of remote sensing-derived information) are as follows:

’

Entrepreneurs (individual and corpérate)
Elected and appointed officials

Citizen groups .

’

Rrofessiornal planners in private and public service

\ ¢

.- Edugators‘(fhrough their traininé of planners)

-

-~

Researchers (through their study of planning techniques).

ﬁbst'of these participants regularly use images from aerial photegraphy.

Some individuals in the last three\groups are familiar with nultispectral scan-
nirg (MSS) and the characteristics OR space images. Professional’ plammers, par-

ticulgrly at the federal and state levgls, are becoming increasingly interested
" 1n thedg data. College teachers of geojraphy, geology, ecology, forestry, natu-
ral resources, conversation, and sirilar subjects studied by planning students
are increasingly incorporating discussjons of remotely sensed imagery into their
presentations. At the gradyatg level, however, planning curricula tend to be .
" based on the'social sciences, and remote sensing and space imagery are little’

- ) .

¢ ]




* . used or undérstood. " The land use planning research commhn1ty is not a homogene-

’ ous group but is scattered throughout Several dlsC1p11nes. To date, it is . ~
geographers who have been primarily interested in studying the patential appli-
cations of remote sensing and space imajery in land use planning. | -
. ’- * *
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Since,the summer study on space applications in '1968, there have been nany
developments which are important to land use planning. The number of problems has
increased, importamt federal and state laws have been passed, and the technology
of data collection and processing has advanced. This section presents and dis-
cusses these develppments, ¢ '

-

) ' REVIEW OF 1968 STUDY )

‘The report of the Forestry-Agriculture-GeE)graphy Panel* of the 1968 summer |
study was Teviewed to assess the adequacy of the study recommendations for + ~
meeting present and future needs, and the pature ‘and extent of government, ipaus-

-

try, and usér response to study recommendations. . .
. “The 1968 report recommended two programs{ one short-range program, Global -
Land Use (GLU), and one long-range program, System for Earth Resources Information oo

(SERI). Both used data from a polar orbiting spacecraft, GLU was intended to’
be a 4-yea:£ program and SERI an opers%ionaltprogram after a 12-year development N
effort, -+ ‘ . . ) -

{1} was intended as a global collection and dissemination s'yst’éuf for-1and ‘
use infornation.. The 1968 study panel postulated a data collection system with
a synoptic view and output Ea'pab';e of photointerpretation as well as computer
processing. The collection system was to bg modest to facilitate its, acceptance
and to encourage development of favorable international policy and thus pave the Lo
way for more complicated systems to follow. . : ..

SERI was conceived as a considgrably more complicated syst’ém, employing GLU
as well as other data sources and concentrating on providing data for agriculture,
forestry, and land use planning. The structure ceived for SERI is very similar

to ‘that of information systems'tHat employ refiote sensing input today. . E
In the context of the situation today, the 1968 program recommendations need
review because: "y R . . \ Co,

> <

. -
. .
. . \
.
. - . . -
. L3

———— .
L €

*National Research Council. Useful AppPications of Earth-Orianted Satellites:
Report of the.PaneZ on Forestry-Agriculture-Geography, (Pamel 1). National *
Academy of Sciences, Washington, b.C., 1969, p. 4. .
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The development of the land use planning funttion at the state

level has increased rapidly-(driven‘mainly by state and some

fedgral legislation); E ) / .
Ppublic awareness of environmental qualify and iand use issues
has increased nationwide so that'the information requirements
for land use planning have become more detailed than they weYe .
at the time of the 1968 study; . . 7

»

: - ’
It may be difficult for foreign countries to accept international
land use information programs of the complexity 6f SERI-foy’
several reasons -- perhaps mainly because ‘of fear of explgitation
by outside interests more able to yse the land resource data than '
the country surveyed; and . ;ﬁ

a

Increasing emphasis on.estima$es/of benefits achieved ié domestic
.+ applic#ions to justify further space program expend%yuies nay
force concentration of work.-on domestic applications,in order tpo
7. - more precisely define thgﬁcost-benefit picture. .
. .. c o .
~A

‘DEYELOPMENTS IN LAND USE PLANNING -

»

) . 4 N

— . e
+ T In 1968, planning’was primarily conCerned with the intersial orgahization of
cities [particularly fotr redevelopment) and the provision-of Fegional services
such as transportation. hhile these are still céntral tasks, there have been
added a strong congern for the environmental consequences of growth aid @ spread
in responsibility and interest to the 1dcal or neighborhood level and to the state °
" apd federal level. No corresponding change has occurred in the use of remoté °

sensing data in land use ‘planning during this period. In the 1968 study, ho, 5 ?

panel was primarily devoted to, land use planning. This actiyity was covered by
the ForestryTAgricultuie-Geogfaphy‘Panel. Little information on.land use planning
has appear in published reports or research done in the applications of remote
sensing since then. However, considerable work has been done by 1nvestigators
in the discigling of_geograehy on such topics as land use mapping -- which is
potentially useful in planning. Land use planners have remained, in effect,iin
the research and development phase, in which disciplinary research is don€ to
provide the basis for an operational mode yet to come. This situation is illus-
trated by Figure I, which also suggests the possible future trend. . '

In Figure I, the size of the remote sensing circle is intended to portray
what we feel was, is, and will be the size of the national remote sensing e€fort.
The changing position and overlap of the remote sensing circle with the geographers'
and land use planners' circles is intended to portray the relative impact of remote
sensing on the activities of these two groups of people. It also indicates the
change of the remote sensing effort from research and development (impact on
geographers) to operational (fmpact on land use planners). Ke do not mean to
ioply, by the portions of the remote semsing circles overlapping the geographers'
and land use planners' circles, a suggested size of the land use'ﬁganning effort
within the natipnal remote sensing program. ’

-
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THE TREND IN USE: OF REMOTELY SENSED
. DATA FOR LAND USE PBRANNING BY GEOGRAPHERS
AND LAND USE PLANNERS
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LEGISLATION . .

£

Sigrnificant legislation has been passed and proposed in the land use .and
- associated eavironmental fields since 1968. One effect on the land use planning
discipline has been a need for a more complete-inventory and analys;s of resources

and uses. Another is the need for coordination of all land use associated- activi-
ties on a‘state, regional, and local basis, and closer control and monltorlng of v
all uses in both urban and ryral areas.
Some of the land use leglslatlon that has been enacted since.1968 follows
X v :
Year Legislation ) L
1969 National Environmental Policy Act (NEPA); Oregon Land Use
Planning Act SB-1 . ‘
1970 *California Environmental Quality Act; Maryland Wetlands Act;
. Michigan Shorelands Protection and Management Act; Callfarnla
~ State Planning Act AB-2070
1971  Vermont Act 25%; Delaware Coastal Zone Act; Alaska Natlve )
Claims Settlement Act; State of.Alaska’ Land Use Piannlng
, Coordination Act b
1972 California Coastal Zone Conservatipn Act Federal Coastal Zone
Management Act (Public Law 92-583) ,;:Dbiaware\ Beach Preservation
Act; Florida Environmental and Water Management Act: New Jersey
L. Wetlands Act; Pennsylvania Constitutional Am&ndment; Florida .-
State Compxehen51ve Planning Act \ S
3 . . T
> 1973 Colorado Land Planning and Poli¢y Act; DelawargWetlands Act;
Washington State Planning Act - o~
- ~ . R
. 1974_ Maryland State Land Use Act % o ) .
. addition, there have been executive orders & local ordinances which
have r str;;te and ‘'use and established higher standards for air and water
quallt) : i =z
“The version of _the National Land Use Policy and Plannlng Assistance legisla- €
tion introduced-by Seénator Henry Jackson* was passed by the Senate. However,
the version of this bill brought before the House of Representatives by, Congressman
Morris Udall was not reported out of Committee. This bill would have encourag
all states to become involved in land use planning. The Jagkson legi§lation
proposed that the federal government (through the Depaftment of the Interior)
would appropriate to the states $982 million over an eight-year period to assist
in the planning.process. A similar bill is likely to be introduced in the next
sassion of Congress. However, as may be seen from the chronology of legislation,
&« oL
i ¢
o *U.S. Senate, Bill No. S.268, 1973. | ' 3
1] - ) 8. 3 .
[N
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many states have moved forward on their own. Currently, most fgderal funds. ) )
for state planning come from the Department of Housing and Qrba? Development,

\

. TECHNOLOGY DEVEIDP‘{«IEI\"I'S"_ )
The tecinology of remote sensing as it applies to land use planning has

developed considerdbly during the last six years. Three achievements are most

> .significant: the perfection of high altitude aircraft photography and the
development of satellite sensors, the successful demenstration of all-digital |
image rectificakion techniques, and the development of machine, spectral pattern

; Tecognition processing.*’ ’ ' . -

-Since 1968, da;a,from aircfaf;-borne sensors have begun to be used to

identify current 1and resource patterns and . to describe changes. W¥hile the use
of high altitude photography has penetrated tb.regional and county governments
in some areas, the use of high-altitude aireraft data for complete and.detailed
land resource surveys'at the state-wide level $eeis impractical for all but a .

_ few stateés because of the enormous amount of &aﬁi?shich must be ¢ollected and
analyzed. One of the principal uses_of satellite-derived data may be to- solve

" this problem by deciding which dreas in a state really need detailed coveiége.
by aircraft. " ERTS data in both.image and computef-compatible-tape form are

_ being analyzed to determine land resource information for states and large remote
areas. The potential for improving recognition of land resources from the ERTS
repetitive coverage toobtain multi-temporal scene data is being investigated but <
work has only just begun. Finally, ERTS data fof several states fe.g., Florida,. .
Wyoming, California, Michigan, and the Eastern Seaboard from New York +to the .
District of Columbia) have been assembled intd mosaics to portray regional views
of terrain. These mosaics~have been used to educate prospective users on the ‘
advantages of ERTS coverage and the potential that exists for large-area land use .

mapping using ERTS data. - This potential is beginning to be exploited now by the .
U.S. Geological Survey, using data £rom ERTS and other satellites, in cooperative .
programs with states. * . : >

Techniques for machine processing to map lané use hategories are being .
developed, but need further refinement, testing, -and documentation before they
“can become an operational tool. The advantage of machine processing -- and it ' .
is an important advantage -~ lies in the fact that the data are processed in
digital form with increased radiometric fidelity and’ possibility of easy direct
entTy into computer data bases, -

A land use classification system developed by the U.S. Geological Survey*
identifies Jour classification levels, as follows:

o

LeveliL

.
b ]

Y

Satellite imagery, with little supplementi{ inférmation

‘ Level 11 High-altitude aircraft and satellite imagery combined .
. with topggraphic maps Y

B

. *Anderson, James R., Hardy, Ernest E., and Roach, John T.: .4 Land-Use Classifica-
tion System for Use With Remote Sensor Data,.U.8. Geolpgical Survey Circular 671,

U.S. Department of'the Interior, 1972. .

r . . ’
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The Pane1~expécts activities in land use'pLanhing to }e considerably ﬁ-

increased in the next 10 fo 15 years, as a result of requirements spéeified by
present and expected legislatign at, the federal and state levels and by increased
activities.of citizen groups and other elements of the private sector.

. -/ * \ * .

.

AKTICIPATED LAND, USE LEGISLATION ‘
* . .e -~ -

Téé Panel expects two kinds of lénd'use legislation"to be proposed and
passed -in’ the next 15 years. Fiirst, Congress will eventually, if not in its

next session, pass national lani use planning legi$lation, and,may very well fol-.
low this with additional measurgs which further'define national ﬁalues.for\land_'"
zesources. This legislation may well have an effect of the same magnitude as ¢
the National Environmental Protéction Act. Second, the States are expected to
continue to pass planning and cyitical environmental area legislation that is
appropriate to their particular %and,use problems and to their natural environ-

ment., It is very possible that {this state legislation will have a more signifi- .
cant effect on land use in.{ome arts of the eountry than national legislation,
This will be true particulally in states with fragile ecosystems and attractive
land resources, 'California,’Colorado, Vermont,.Delaware, and otherfstateg for
example, -have already passed acts which have more stringent requirements than .
are likely to'be considered in federal legislation.. RO -

The Panel expects that ‘local ordinances and international ‘agreements will'
have considerably less influence on land use planning than state and national ¢
legislation. However, the current international crises of food and energy §ﬂprt<
afes could shift priorities in this nation and influence new state and national
legislation.. R . .

0 N '

ASSOCIATED REQUIREMENTS . -

D)
- .

N Legislative programs, both existing and proposed, will establish require-
ments similar to the environmental impact statements for major federal projects
and legislative proposals required by the National Environmental Protection

Aft. This Act has required that literally thousands of statements be filed,

that meetings be held, that hearings be conducted, and that reports be written
and published. The benefits have been many -- in the form of better and - .

L]
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enV1ronment311y solhd projects; better coord1nat10n4hetween federadl-federal, |

, federal-state, and local proJects and toward aogeneral 1mprovement 1n the quallty |

- of life,, |

The Coastal Zone Management Act‘of’Ig72 is anpther example"% a fedefal law’
%¥hich 1mposes'requ1remen;s iw 1and use planning, This Act allows for federal

- . grants on a two-thirds qost -sharing basis for the states to develop coastal zone - |

, . management programs. Annual grants are allowed in each of three”sueceedlng years ., °

. l YB for developing the management program. Aftex the maﬁhgemen5 program has been

Y proved by the Secretary of Commerce and adﬁ}ted by the state,.the Act allows for
federal funding of two-thirds of the total, cost of implementation. The Act .

. ~ requires public hearings and‘qgordlnatlon w;th federal, state, reglonal and logal _

govetnments. The Act also requires.the establishment of state regulat1ons for ¥

‘ 4% “and management’for both Jdand and water resources, and proV1des for state .

..péwer to enforce these rples and, regulatlonsc The effects of reqplrements
established Under this, Act, are manifold in the land.use planning in each of the
tglrty coastal-zone states. Many coastal'wetlands of the type found along the.

. East Coast ahd in other parts of the country are large erough and of such a nature
that(ggeful qpformatlon about these areas can be .provided by remote sensing °
technjques, particularly multlspectral analysis. The uniform flatness of marsh_
topography eliminates variations in reflectance due to sloping surfaces ang . . A

' shadows. The most commoh marsh plant species are few dn number so that -photo-
‘erpretation is simplified. Environmentad changes, whether natural or man-made,
nerally .take place over large horlzontal distances in the marsh. Zones of =
relatively uniform vegetation or land use are therefore usually large enough to

be discernible in current low-reso}ut1on satellite imagery. The major plapt C . i

species, in particular, are dlfferent enough in .their morphologles to have di$t1n£t :

reflectance characteristics. Th;s ‘facilitates the use of multispectrgl 1magery

to make detalled wetland$ maps “showing vegetatipn growth patterns hich are "related

to local environmental factors: As a result, automated d1g1ta1 te nlques have

been successfully ysed to prepare from ERTS-1 digit4l tapes, precision map over-
lays showing at least 12 cagegories of coastal land use .and vegetation with inter-
pretation accur&c1es of Over 90 percent for all categories mapped.

Land Use Comm1551ons have been established by Jaws and executive orders in
Colorado, Alaska, Hawaii, Vermont and other states. One of the first charges of
each Commission has been.to provide a basic inventory and anilysis of all resources
and uses from existing data. Such analyses could and probably should be made with
the.mnst sophisticated remotely sensed data available today.

The proposed National Land Use Policy.and Planning Assistance Act (S,268)
mentioned earlier would have provided encouragement as,.well as financial apd
technical 3551stance to states for land use plannlng' Fegulation and coordination
of the use ‘of federgl and non-federal lands. According to the Act the states L
would establish within three'years, ‘a land use plannlng process, a planning

agency, an advisory council, an 1nventorx.and analysis of resources, and a pro-

" gram to regulate land development pyojects. Within five years, the states would .
adopt a land use program whigh included methods for exercising control over

- critical environmental: areas, key fac111t1es, large-scale developments and new

. communities; ‘establish a procedpre for review of 16cal regulations to protect
. the larger interests of ‘the state and the publao, and provide a methodtfor con- ,

, Sistently relat1ng state and local programs with state land use programs. ..

nt
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. : - THE PRIVATE SECTOR‘ . . , 3

The Panel believes that the gap bétween the pbtentiai use. of remoté/sensiné
data and its application is of. an order of magnitude greater in the priyate '
sector than in the public sector, As-the scale of planning for new urbah develop-
ments ‘increases and-as the citizen-consumer becofies increasingly aware of the, i
importance of planning to optimize the use’of land, the private sector will &
become more and more desirous of using remotely sensed data., Regional user

genters, if théy existed, cquld-encourage and facilitate broad gpplication of ¢
Such information by the private sector. The Pgnel believes that in the future,
-awareness”of the capabilities -of remote sensing ard use "of remotely~sensed data <

'by the private land deyelopment sector will more closely follow the trend in the -

public sector. This is expected because of ‘the increasing #hteraction between
private and pubdic plamners. tt , ‘ : )
. Land use planning is also becoming an accepted area of corporate responsibil-

ity. Some corporatiogs - Xerox and IBM for example -- have for somestime plan--. 4

ned for the’settiement of'thqir employees in suckpa.w y- as to minimize eny%;on- .
mental disturbances associated withynew plant sites,’ More recently, hedvy !
iridustrial developérs have become aware of 'the need fof land us planning.

N
-
. ' . . ’

S N . ’ . 7 - ’ [

s S TIZEN GROUPS ' A
I “A

The Panhel expects citizen groups at the national level -- such as_-the Y
ConseTvation Foundstion, the Sifrra Club, the Audubon Society,-the National i -
Wildlife Federation, the Wildeyness Society, and the Envirommental Defense Fund~ -
-- to maintain and possibly increase their lobbying and educational éfforts. )
Even mote significant changes/will qccur at the local level as groups which are
either affiliates of-nationa} organizations or organized on an ad hoc basis .-
become increasingly involved'in the planning process. We anticipate that some

of these groups will recognZ;e planning problemszfabquire information, and formu- <.
late alternative goals and/

Y

olicies indépendentlf/of existing planning ‘agencies, -
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) /’ANTICIPATED INPORMATION\REQU}REMENTS <
) .
) 3 o LT
. - v, - G L T

‘ v ' ” \'&*“‘t“ - .- . "—
) As remotery sengsd data bécomes incre ly’ used in 1and use plann1ng, data

centers will nged to be provided for d1str1buting,1nformat10n. In"determining a

data center sjze, and in makihg degisions ‘about the advantage$ ‘of reg10na1 centers
as opposed tg one central facility, the demands of the user for the vérzqus t
of products,€rom the system mudt be'assessed. The parameters of interest inc ude
the volume and type of .data products required; the number of times per year the
1nformat1on.imst be quated the format of the data product; the timeliness of
deflivery;. the gr1d 51ze of .the information (as contrasted with the sensor resolu-
tign element size); and some statement of the complexity of informat1on required
and the uniformity of information classes ‘over large areas., A final parameter is
the atcuracy of information. 7 Ideally, these parameters would be. listed for the .
rgsedrch and dBVelopment, transitional and,qperat1onal phases of‘the'program
_ The/vulumé of data required can be most easily speczfied by the user in
tézzi of gi;e of the mreg covere&ﬁ’ - Since data in various formats are

rgd psers may want dlfférent seages of procé§§1n format definition

;' ma be‘bfﬁkeﬁ'lnto three parts:

‘imr the type oﬂﬁdata (e.g8., olon IR cemposite
ages) ; the kind "of processing d

one to the data; and the delivery mediim (e.g.,
- film_transparency, computer-compat1b1é tape). For film products, the scale
Zﬁould be speciftied. Timelines$ of-delivery is the acceptable time between the

ccurrence of the event and the ‘delivery of the product .to the user.

the time spent acquiring, processing, and disseminating data. The grid size of
informatioh: is a specification. of How .the user wants his 1nformat10n quantized.
It affects sensor resolutions only it that they must be less than or equal to
the grid §1ze' The glasses of 1nfcrmat1on -required and theg uniformity of those
classes’ over large area$ are ‘specifications. relating to the extractive procegsing
portion of the system,
as does the required 1n§?rmat1on accuracy., -

"

It inc¢ludes

.

They'determine the design of pattern-recogn1t1on dev1ces,_

‘At the present state of development of land use planning, r
cannof, be precisely identified for all users. In addition, this
is beyond the scope of:a two-week study.

™ idéntification of
three stateg to convey some understanqsng of user requlfements.

L

15 ) .
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uirements
evel .of detail

Thus, the Panel has chosen t6 describe
user requirements qua itatively, to establish a stenario for the more pree&se
eir requirements, and to present user case stud1es from .

-
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) USER REQUIREMENTS -~ J .
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bepenﬁing on whether the user is concerhed with regional, locaf, or state
level, the type and complexities, quantity, and grid size of informatien which
he réquires from the remote sensing and processing system will vary, Users
.will also require products at different stages of processing. For purposes of
.discussion, users are subdivided here into five groups: {9;&1 regional, state,
fedeml < and international.

In general terms, as one proceeds from 1dcal to 1nternatzona1 users, the
quantity of data needed increases, the areal. coverage increases, the grld size
increases, the number of classes- (in-pattern recognition outputsl tends to
decrease, and the classes tend tb be more homogeneous over large ,areas. Time- .
liress pay be unaffected, sincg it is tied closely to the information update )
cycle which in turn 3s tied to the change rate of the land use phenomena. Some
regional, users of oté sensing data (EPA, for example) may require very short .
‘delivery schedules of processed data for enforcement of pollution\laws. -The '
general situation is'summarized in Table I, -

In Table I, a summdry of, user requirements, it may be seen that the requ1red
area coverage by individual users decreases.ag ong moves from the pational to
the local scale. At the state level, the total area requirementAs for land areas
plus the offshore coastal zone or outer continental shelf. e total areas’.
associated with regional sites probably add up to about 10 percent of the total
) U.S. *tand area. Central business districts, where- 1-meter resolution is required,
total about 1 percent of the U.S. land area, The total quantity of l-meter
resolution data (in terms of picture elements*) Heeded for a given area is
100 times greater than the quantity of 10-meter resolution data. There is also
100 times more 10-meter resolution data {in p1cture elements) than 100-metet

. Tesolution ,data. - . . . —
L. Most users requ1re geometrzc correct10n to map bases. The accuracy of
the corréction required is still a matter for debate by users and is more fully
‘discussed in a later section of this report. The accuraey of the correction to
+ map base for the 100-metei\ﬁata should be within a fraction of a picture element.
A preliminary definition, subject to future revision by users, is that corrections
. should be made .with an; accuracy of a fraction of the next largest grid sxze.
. Thus, 10-meter grid-size data ‘should be registered within, say, 30 meters of trye
map grid, and the l-meter data should besregistered within, say, 3 meters of the
. trye map gr1d. . . . -

A PLAN FOR IDEﬁTIFYING USER REQUIREMENTS _ ]

-, ‘In an earlier section of this report (p. 3), six classes of part1C1pants
* in planning were identified as having information tequirements which may be
satisfied by a remote sensing system. The order of these part1c1pants in terms .

of‘estlmated benefits relative-to costs is as‘follows: r\\ : \' 7
- . D 4 A \‘. * < .
e X * . . A & ) " . . ~

.
.
-

7 p1cture element. (plxel) is the smallest discernibie element of 1nformat10n in
a remotely-sensed -image .of the surface of the eatth. : ) a .
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Professzonal planners in public and pr1vate service

- .

Elected and appointed offlclals,(state, federar reglonal and
local)

» ¢ -

Entrepreneurs . e

At

.
-

‘o - vdi&}gen groups - ' . T
Egucaters and , - ",

.. Researchers.
Eventual operational user needs transitional system needs and research and
development needs should bea1dent1f1ed for all users. )

Researchers and elected and appointed officials at the federal level should
be more involved 4iith user programs from the beginning -- initially to define
the problem and potentidl solutions, and later to define system-operation parame-
ters. For example, researchers and elected officials working with users should
first define what types of information are required and in what formats. Whether
the required information can be obtaineghit all and the level of accuracy at
which it can be obtained should be typichl of early program concerns.

In the tran51t10na1 phase, mote users become involved, and comsiderations.
of required accuracy, timeliness’ of de11very updated cycle, and grid size be- .
come important. Costs of providing services are also of concern in this phase.
More groups need to be involyed here, working toward the ultimate goal of use

. of system information by all groups.

In fact, all groups will probably ‘use the transitional phase remote sensing
system to some dégree, depending og'thelr needs and the cost to them of u51ng it.ws
To the extent that the degree of use by a given user can be predicted early in
the transitional phase, his operational requirements should be considered
the operational system design. .

At present, system needs in the R&D phase seem well identified by the
researcher Iusuall a geographer) working to some extent with the ultimate users.
Transitional progr have only just begun, but the Panel believes ghat nearly
all ultimate user needs should be considered before designing & transitional
system (what may be referred to as an "applications system verification test"}.
In iand use planning, the Panel feels that user needs can be established to the

* / degree required by the follow1ng procedureS' a :
N\ , .
Stratify the country into uhiform physiographic. regiops. . ’
s
Within each region, survey by personal visit, questionnaire, -
or other contact, samples of all potential users, solisiting
the information Jisted in the earlier section entitled "User
Requirements," for both transitional and ¢perational systems.
(The surveys proposed in a latexr section entitled.'"Required
Study" may be incorporated with thlS information.)-

. 2y : :
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. information,

) . - o~ .

. ® '

Concurrently with an assessment of these user needs, NASA should .
dssess the short- and long-range abilities of the various users to
assimilate and use the remotely-sensed information and the facto

" which might inhibit their use of the information. )

<CL .
Design the transitional system to serve as many of the potential
users as possible and take steps to encourage their participation
and evaluation within each physiographic region,
A} L 4

The inclujion eof state, regional, and local government, as well as private
sector users at the transitional stage is important, and their needs sHould be .
considéred. ) -

Requirements for an operational system must be addressed before the transi-
tional system is designed so.that it can be structured to answer all the user's
questions about the utility and cost of information -- questiens that are of
obvious concern. But quality control, the provision of auxillary products, user
education, and provision to the user of limited ability to chetk™ the information .-
himself are additional factors that will affect the design and cost of an opera-
tional system. The degree toswhich the user can participate in’ technical tasks
such as data ppeprocessing and pattern-recogrition protessing should be_assessed.

The Panel believes that involving ultimate users eariy in the conduct of
research leading to operational applications of remote semsing systems wiTl
enhance user acceptance ofMthe information once it becomes available. Consider«
able education of potential users will*be required and should be; provided for at
the transitional stage of the progran. ’ R -

t
\

LA

o .
CALIFORNI:A" CASE STUDY - o
: < N L d . ) ~

\The land use pipgram in the Stdte of Califorgia is discussed here as a case
. Study because there exists extensive documentation of activities (present or pro-
" posed) at the state level of government. In addition, California is representa-
tive of a heavily populated area, apd provides opportunitys for fobservation of a
variety of land uses. The Panel believes that the California experience repre-
sents one of the best available examples of extensive utilization of land-use.
classification and of an accoempanying expressed user demand for remotely sensed

N~

s

- o
., Citizen interest, strong legislation such as the California Coastal Zone
Conservition Act of 1972, and the Governor's "Environmental Goals and Rolicy
Report" of June 1973 all helped to stimulate a strong mapping and docuhenta-
tion effort throughout the state. Mapping progxams at scales of 1:24,000 and
1:62,500 have been undertaken to identify areas of critical concern. Thirteen .
state 'agencies are involved in projects which either use or propose to use remote
. sensing. The basic information requirements of these 13 state agencies are
summarized in Table II. - ",
] In order to implement the requirements of these 13 agencies in the land use
planning process there has been proposed a California Land Use Classification
Program which includes 23 major_c1a§sifications'yith 162 subcategories, as

shown on Table III. . N
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AGENCY R . .. REMOTE SENSING APPLICATION
z N .
. ’ N .
Departzent of Food-and Agriculture Differentiate between major classes of land vse, major crop
- types, and individual crops, evaluate crop dadage.
Departrert of \a\Qr Pesources Ident1fy and rap various~f€atures related 10 water resource
: developoent and canagerent, including land use, evaluation of
. inter-relationship between water and agriculture, and urban
R and native lands.

Departrent of Conservation, Identify and map type and distribution of vegetation, fuel

Livision of Forestry condition classes, ticber site,classes,.and envaronrental h3zardse
Departr~ent of Conservations Map soil and geology, analyze geomorphology and tectonic relatien-
Division of “ines and Geotogy ships, including faults, map ‘egetation as an indicator of parent
v ‘palerials.
f Depart=ent of Fish and Gare Monitor seasenzl changes in wetlands, inventory wild amirals, .
waterfowl, and rarine cazmmal habatats and/)lgratxons. .
Departrent of Parks and Prepave landscape province analysis, with erphasis on wildland
R Recreation . vegetation capping to determine recreation site potential.
. Pepartzent of Transportat:on, Evaluate land use and geologic factors related to transportation
Divisicn of Highways planning and design, cvaluate envaronbental irpact of highway
.. corstrustion. '
Department of Mavigation and . Evaluate near shore current patterns, littoral transport, shore- :
Ozecan Development ’ line erosion, estuarine exchange, river discharges and sedirenmts,
. . . and tidal flushing actfioms. ¢ .
@ tate Land Cprassiom,, Map watety line derfarcaeion, identafy underwater features; detect
tate Lands Division S oil spalls; rap langd use. .
Departrent of Public Health . ‘Inventory flooded and wetlands for posquito abatemend planning; 1
ident1fy waste discharges. .
’ ¢
A1r Resources Eoard . Detect pollutant concentrations and evaluate their spatial dis-
. tribution and =overent.
, " .
' e
'k'at) Resources Control Board/ - Detect, identify, and monitor non-point source pollution problems

relating to agriculture and urhan land use, salt accurulations,
erosion, siltation, pesticide residucs, and bacterial contarination.
L] . “

. :ofﬁcc of .Erergency Services * _Assess dacage and develop a pre-disaster data ’baSc; land use and
site classification,

. : 2 . Lt i . . ,\‘
MgJIP.E‘J::\TS FOR THIRTEEN CALIFORNIA STATE AGENCIES

TASLE 11  BASIC INFORMATION
. . [/ '
/ L3
- / - ) . \
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Thus, the information requirements of Caljifornia state organizations consti- - T
* tute an excellent sample listing of potential/user demands which may be satidfied - .
in whole or .in pafrt by remote sensing. Californja also may well be a laboratory
“for evaluating trade-offs and cost effectivepess/of various techniques for acquir-
ing data. Emphasis that the real objective/is ecision-making based on good *
information, and not simply data gathering,/is fevident from the following excerpt
; from the 1973 Annual Report of the Califorpia foastal Zone Conservation Commissien*:
N . - _
"EMPHASIS ON DECISIONS, NOT DAJA. The efaphiasis of the Commission's ) )
planning is on reaching decigions, /mot fon accumulating data. Volumes
of information about the codstal zpne Already exist because of the
work of the many local governmentd al¢ng the coast, the preparation
of ‘the Comprehensive Ocean Area Plan ¥ the Department of Navigation
and Oeean Development in the Staye R¢sources Agency), and the work of
many other ?tate and Federal agenci

*

"Data is the necessary foundatiop for planning, but data is'not of it-
s¢lf a plan. What is needed ngw i to use all available information,
along with other necessary resg¢arch, to arrive at policies for?the )

* future of the coastal zone. Fpr ample, should "superports" for super- .
tankers be built in the coastdl z¢ne? Should large coastal areas be
used for housing, or should rgcreational development have a higher .
priority? Can better public jacc¢ss to the ocean be provided in built-

™ up urban areas?"

COLORADD CASE STUDY

The Summary Report of the C¢lorgdo Land-Use Commission (December, 1973)** |
exhibits a substantially differept uSer requirement than the California case study.
" The Colorado report does not go deegly into land use classifications and specific
user needs but rather provides # pefspective of a state land use managemefit pro-
gram which depends on a data base ahd information system for its successful opera-
tion. As of January.1974, maps/ and resource inventories were available in
the following areas: . .

»

‘Existing land use

L 4 L]

Land ownership

. Selected energy fesour. s and pipelines

*1973 Anmual Report, California Coastal Zone Conservation Commission, San '
_Francisco,'California, 1974, pp. 5-6.

**Available from the Colorado Land-Use Commission, 1550 Lincoln Street, Denver,
Colorado 80203. ’ :
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. Selected mineral lode resources . . J
Potential available groundwater
°

Snow depth

LR \
| Watér service areas

Ay

Potential for irrigafed agriculture ™~ - *

Potential for non-irrigated agriculture. ) ]
, . Sediment yield -

Soil shrink/swell potential,

The maps and inventories were prepared by utilizing standard cartographic tech-
niques based on existing data sets, low-altitude aerial photography furnished by
others, as well as by Spec1f1c field investigatidns. Significant contributions
were made to the mapping process by many federal, state, and local agencies, and
innovative formatting techniques were utilized'to a large extent. The use of
remote sensing was considered but was discarded because of the practical problems
of matching ERTS imagery with existing base maps.

For furtherance of land use legislation enacted by the General Assembly of
Colorado, for the past three years the Coloradp Land Use Commission has been
building a program designed to ptovide a framework and a process by which the
state and its political subdivisions can guide future development. As in
California, emphasis in Colorado is on decisions based on data rather than on
data alone. As the Commission sees it, its recommended land use program:

Emphasizes the local and regional levels of government as the
primary decision-makers on local questions of land use;

Focuses on enhancing the quality of 11fe, not just on Testrain- P
ing the quantity of growth; -and ) . \
Prgvides a flexible framework and proéess for guiding growth, -
not just a traditional mapping and inventory plan,
_ Given the diversity of regional needs, the Commission had to formulate a "
set of goals for the state, reflecting regional diversity yet providing a focus
for a statewide land-use policy. The Commission first formulated broad goals,
an en outlined targets (what ought to be done, where, and by when) and policies
(who ought to do what, and how). Next came the consideration and‘:adoption of N .

. program elements (the tools for carrying out the policies), and finally the

development of an organizational structure and ‘a set of short- and long-term

strategies. The Commission adopted goals for four maJor areas related to land
use -- env1ronment, economic development and population, natural resources, and
related social congerns. .
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Those goals, seemlngly relevant to information needs. to which remote sens1ng
might contr1bute, are listed below: )
\ .
Contzxol development to conserve natural env1ronmental amenities,
including air and water,

-

. Control development in hdzardous or environmentally fragile areas.

Initiate measures to inhibit land uses which result in the unneces- )
sary conversion of prime agricultural* land,

‘Establish a state forest policy. o o/

—~ a
Encourage effective and rational use of the state's water o
.o resources., - : ’
o .
. Provide for explicit analysis of social implications and impacts '

of, publ1c or major private land use decisions, as in provision
j of and acgess to health, educational, recreational, housing, and
Y: employment oppaQrtunity,

. \~ N - 4
v
k]

\
In addition, the following policy themes which guideé the development of pro-
grams appear relevant to the characteristics required of the information collec-
‘*t1on and distribution system: |\ .
Regionalism constitutes the base for land use program planning. .
and control. Within five regions, complementary land use planning
* activities are carried out by planhing and management‘a1str1cts
and county and local governmenfé. , -
+ Monitoring and control of new development projects is a basic s
program element of the land use program.

The cont1nu1ng comprehensive planning process (rather than a _
stat1c master plan) is the key to an effective and workable S .
— land use program, .
. '
Broad citizen awarehess, involvement, and support are sought at
all levels of the systef,
P
Land use program capab1l1ty 1s developed at the local agd .
reg1onal levels., ' L -
In examining this case study the following facts became appare to the
Panel: .
Colorade's mapping program and resource inventqgy did not
make use of data obtained by remote sensing from space even
though,the program was accomplished during the period when °
data were. belng provided by ERTS-1, Th1s decision was reached

D
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because of. practlcal probiems 1n matChlng ERTS imagery with !
existing state basg maps. This subJect will,be dealt with 1a er
_ when the matter of map projection is taken up. . ) > .
‘Colorado's land use mJLagement program re-emphasizes the need N
N~ for continued monltorlng, identification, evaluation, athoth . .
. data programs whic¢h are not now being provided in any substan ial
.~ way by space- -based remote sensing systems.. Improvements are t 7
. needed in ERTS map matching capablllty : . S i
- » \ L
The emphasis on land use program capaglllty at the lowest level - . .
of government in the state underscores the need for a. distribu-
tion system which assures rapid dissemination of 1n£prmat10n.

-

\ . fa
The Colorado example underScofes the need for a reliable.information system |
‘and monltorlng capab111ty in the implementation of "growth centers' which are
planned to maintain and 1ncrease the social and economic viability of rural areas,
the slow1ng down of urban growth where it is appropriate, and the protectlon of -
prime agrlcultural lands and other natural resources, :

.-
. ’ -
’ ° * <

ALASKA CASE STUDY

’~

Alaska offers an exceilent opportunlty for the applacatlon of remote sensing

technology. There are many important needs for information on.natural resources

and on land use -- actual and potential -~ bit conventional means of data acquisi-
. tion are difficult and costly because of d1ff1cqlty of access to the greater .part

of the state and tht lack of communication facilities. At the same time there

are important onshore and offshore resourcés in Alaska of great value to the .
. . staté‘'and the nation. ;

Growlng requirements for flsh wood’, 011, gas, minerals, recreatlon, clean .
air and water, while at_the same ‘timeé ma1nta1n1ng the quality.of the environment,
are putting great demands on Planners in Alaska, Land use planners and resource
managers nted the bgst data possible. . Remote sensing, from aircraft and from’
spacecraft, u51ng most of the capabilities of available sensors would be very
useful now and 1n the future, ° ERTStdata and imagery have proven very useful in
Alaska, ERTS 1magery is available now “for all of the state except parts of -
the cloud-shrouded Aleutian Islands. The Joint Federal-Stgte Land Use Planning , .
Commission and the Soil Conservation Service of.the U,S. Department of Agriculture
have published a statewlde set of ERTS m051acs at 1:1,000,000 scale. The . .
Uiversity of Alaska has mosiacs for Kty areas. at 1: 500 OQO scale.. The ynlver51ty
has done.an outstanding job in the research’ and. development Jphase, but, there is
now -a need for bath operational and extension serV1ce., Remote sen51ng data from
high altitude aircraft are needed now. - " - TSt
" It is the Panel's opinion that a joint federal state _remote sensxng center

o “for,Alaska should be establislied now to assist the nativé village and regional .
| corporations (established under a federal law},’ the state, the federal govern-
ment, and pr1vate users in all phases.of land use planning and land .management.
The- reasons are as ¥Yollows: .

Py

~

! i

Alaska is one-flfth the size of the conterminqus Un1ted States,
and has about one-tHird of the natlon s outer continental shelf.

’ . *
. . . A

28 ! _\ \ .




4

P

. _'() . ,Q‘ . ’
. + ’ s -
\ .
s The state's resources -- Qart1cu1ar1y its energy and m1nerals -
. ate important to the state and hation. '

i . .
' Under the provrs1on of the Alaska Native Claims Settlemeﬁt Act of

-1971, important and exﬁens1ve claims ‘of land ownersh1p must be , !
decided within f1ve years, The Joint Eederal-State Land Use

B - _Planning Commission assembled and is publishing with the state an

. * “inventory of the resources of Alaska. The COmm1551on has also -
‘ conducted cooperative training program$ on the app11cat1on of ERTS
‘data and has assisted in publishing an ERTS mosaic of the state.
<V The Commission could serve as a vajuable 1nterface between the
proposed remote sensing <enter and” the user community. The center
\ «shpuld provide not only research dnd ggvelqpment but operational
. ’ d exterlsion or educational services.

~ ~

" & revlew of the state resources and recent developments gay be helpful in
undéystanding the needs of Alaska, hgska,1s a complex combination of mountains,
‘muskeg, fdrest, tundra, glaciers and ice fields, rivers and lakes, islands. and'.

e fiords /beaches and rocky coast, seasonally bounded by 1ce-free or ice-choked
water'. it is bordered by an outer pontlnental shelf one and a half times the
tand, area (375, million acres of 1a0d and 1nland waters), Major oil and gas

depos1ts exist Both onshore ard oﬁfshore. "Alaska may have from three to eight

. times the known oil reserves-found to date in the contiguqus forty-eight states.

The'mineral’ resources of the state are 'also very important. :
Alaska is reiat1ve1y undeveloped. At pre§§ﬁt only one-fourth of the state
. falls in local political subdivisions,, This situation, however, will change
rapidly. .The state will soon be divided 'intp major areas of naiive, state, and.
federal ownership. The Alaska Statehood Act of 1958 gave the state the right
to select by 1984 about 104 million acres from the federal public domain, As of°
July 1972 “only 14.5 million acres of this seledtion had been approved, - The
Native Claims Settlement Act allows native corporations to select approximately
A4-million acres of public Fand; their selection must be completed.by December .
1975, + In addition, the Act authorized the U.S. Secretary of the Interior to
withdraw up to 80 million acres of “National Interest Lands" for possibile addi-
‘tions to the National Park, Forest, Wildlife Refuge, and Wild dnd Scenic Rivers
Systems. He was also author1zed to withdraw lands for "public interest," In *
December 1973 the Secretary submitted to Congress (in the proposed Alaskd
Conservation Act) his recommendations for the 80 million acres_to be added to
e four ndtional conservation systems. In addition, he has withdrawn about
60 million acres of "publlc interest" lands that will be controlled by the . '
Bureau of Land Management. ., ° ~
The federal and state governments are in conflict over the w1thdralya1 of - .
the land and as to what ownership and management systems are best, The interests
of the native corporations are also in conflilt with state and federal interesty °
in some areas, In addition, various industry and special interest groups, both = .
_in the stat€ and the nation, have strong concerns about the f1nal disposition
of Alaskan lands., : .
In this case the Congress the President, the Secretarles of the Interlor
and Agriculture, the Governor, and the Commission are the potential “'prime usexrs"
of remotely sensed.data, They need the best 1nventorx and analysis ‘of Alaskan

- .

. ~
.. . ”
.

- ! . : -~
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resources that current technolog) can provide to assist them in deC1S1on-mak1ng
relative to land us€ planning in the State. Thb\remote sensing center for Alaska
recommended by the Panel is needed now. It is the Panel's opinion that the needed
technlgal expertise resides in NASA and that NASA should be authorized by Congress
to engage in operational aspects of remote sensing and in the extension or educa-
tional field. The other federal ageficiesqpnvolved in remote sensing could supply
"key personnel and other services to assist. The State of Alaska should be a full
partner to provide spét1f1cat1on of ‘user needs and to assist, at the state,
regional, municipal, local, and private levels, in interpretation of the data.

1

My
t
-




" space’ imagery and present planning data are presenttd., For each of these, it

,Just bg accurately registered with ground control, and, perhaps most 1mportant

applicatidns. v
N\,

ISSUES FOR THE USER COMMUKITY

k ]

g

'Th the course of its consideration of user requitements and ways in which
they may be better determined, the Panel has’'identified four issues common to
all planning users which must be addressed and resolved by the user communlty
before decisions may be made on sensor design and information extraction pro-
cedures. These four issues involve the establishment of standards for (1) the
matching of the space 1magery grid with the existing planning grid; (2) the
accuracy of information extracted from data obtained from spacecraft compared -
with the accuracy of currently used data; (3) the categorles which are tequired
for the information extraction process and (4) the mdp projections in which . - ~

will- be necessary for the planning commurity to assess present standards and
practices and to discuss des;red standards. Lo ) . e \\

. GRID MATCHING .

The grids used by various 'segments of the plaﬂnlng codhunlty dlféEr. For
example, the property.boundaxries of the cadastral grid aré used at the local
level while political boundaries of counties are used at the, state level.
Processing of data from satellite observatioms is most suited to regular grids --
a matrix of either square or rectangular cells. The user decision needed. ofi .
grids, therefore, is concetmed with how they will be matched and within what {‘
spatial tolerances. If the planning commmity requires a close match, then the
resolution requirements of the senspr system must be refined, the space imagery

the data volume must be substantielly increased. For example, let us assume
that the State of Colorado wishes to prepare and regularly update a land use map
in which the planning grid is ownership boundax;es, and the required resolution
is\10 meters. This resolution would require a total of 2.4 billién cells in the
space imaglry, a volume of data which would severely strain the computer
Tesources of most states. More importantly, this degree of precision may not
be necessary, s1n€E—It may exceed the standaxrds of conventional sprveys.

A suggested degree of. prec1s1on is difficult to identify ‘at this, time, but - .
a preliminary definition of a grid cell size for statewide inventory is contiin_d
in Table I (e.g., 100 m). Ag/a further example, California land use plannets
want 4000 m® (oné acre) resolutich to assess changes in critical enviropmental
areas, but could accept 4-16 hectare .(10-40 acre) resolut1on for~general Iand use .

. - 31 . s ". .)l ..'
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4 ACCURACY d/ e
Accuracy is ameasure of the success of a manual computer classification

of remotely sensed imagery, expressed as a percentage of the certainty that the
category identified on the image actually occurs at the corresponding point or
area on the ground. Desired accuracy is a critical de51gn parameter for both
the sensor and the -‘classification system.

, Inits attempt to assign desirgd accuracy levels tD various data categor1es
and planning problems, the Panel ha) become aware that the plannipg community is
not certain of the accuracy of the data it is now using. The Parelbelieves

that many of these data may have relatively low accuracie§’(lower than 75 percent).

<

DATA CATEGORIES b

The set of land use 4ategories proposed Ry Anderson et al (see Appendix)

is considered adequateifor land use description at the national level. For
.planning at staté, regional and local levels, however, it may be desirable to
have a sodlewhat different set of categories which'are specific to the type of
problem or the characteristics of that particular area, A land-quality classifi-
cation, for example, will be much more elaborate than the Anderson system?

Local jurisdictions may wish to include a category for land which is under
development, It appears that specific gategory requirements such as these could
be accommodated within the Anderson cldSsification at Level IV. However, plan-
ning agencies at present use widely different systems and it must be expected =
that it will be difficult to arrive at standard categories which will be accepted
by a majority of regional and local planners, especially in cr1t1cal environment-
al areas. .

>

P4 - MAP PROJECTIONS

Data_sensed from space must be presented in a known coordinate system or

map projection, The UTM (Universal Transverse Mercator) is generally considered
.to be the most suitable projection for large scale maps except at high latitudes.
It is,used for most national topographic map systems. ’

¢ The UTM projection and the closely related State Plane Coordinate System
are among the several map projections which are used by planning agencies.
Others are the polycopic, the Lambert conformal, and local map projections.
These variations in user demands mean either that space imagery must be provided
in the projection requested by the users, or the user must convert his existing
Spatlal data to the projection of the space 1magery. “The Panel sees consider-
able d1ff1cu1t1es‘Eigﬁ_ézt§3:;alternat1ve. .

¥ . .6
REQUIRED STUDY - .

-~

] The Pané] recommends that an integrated comprehensive study to resolve
these issues be initiated and completed as,/soom as possible. The results of
such a study will be useful for the desi of\fpthge sensor systems, and in
. i -t . :
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addition will assist in leading to better recognition of the usefulness of space
imagery in the existing plannlng process. The study should contain the follow-
ing elements:

A survey of planning grids and the spatial tolerance required

to match them with space data to the sime preC151on as exists .

in convent1ona1 map match1ng, . .
L ]

The determination of accuracy ‘standards in data presently used -

in plann1ng,

A survey of var1at1ons in data’ categories and map projections,
and

.
JAn estimate of the costs and benefits of standardized classifica-
. L 4 - .
s tion systems and map projections. ‘

.
.

The, Panel makes po recommendation as to what agency should be responsible
for this study except that it should include planning users. Parts of this
study may be incorporated with the user survey recommended earlier. (Refer to

section entitled "A Qlan for Identifying User Requirements.')

.
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RECOMMENDéD REMOTE SENSIN%\PROGRAM

~

.. The Panel recommends a remote sensing program for the next 10 years which
focuses on three key .areas of land use planning: ’
. )

Monitoring of change in non-urban apd critical environmental
areas, . : :

. Detailed survey of critical environmental areas and their sur-
rounding land use, and

AR )

e

Land capability mapping.

Users require information in these areas to satisfy requirements of laws and .
executive orders, to identify problem areas, and to prepare revisions of compre-
' hensive plans. ’ ' '
The Panel believes that if adequate research and development -is€completed
in these three areas, operational programs could begin as early as 1980 and no
later than 1985. Several new institutional arrangements will be required how-
ever, if this program is to succeed. N
To provide a context in which to consider moré thoroughly the scenarios for

. implementation of each of these applications, the Panel hypothesized a remote
sensing system identical to the one conceived by the Information Services and
Informaﬁ}on Processing Panel*. For such a system, Figure II shows the steps
between the collection of data by-any of several remote sensors, and the ulti-
mate use of information derived from the data to make decisions beneficial to }
society. . : \\
) The process begins with the collection of data by any of- several remote

. sensing systems, Then the data are preprocessed to remove effects peculiar to
the instrumentation, to calibrate the data radiometrically, and to perform geo-
metric corrections so that the data conform td 2 selected map base. The next
step is information extraction in which parameters of interest.are developed
from the data (e.g., the acreage of a crop is estimated, or the temperature of
a body of water is determined). Frequently the output of the information . v
extractﬁgn step is not exactly what the‘user\ifquires and must be converted

before can use it to belp him make a decisfon. For example, if the user .

[
[}

*Panel on Infordation Services and Information Processing. Practical Appiica-
tiong of Space Systems; Supporting Paper 13:° Information Services and Fnfor-
mation Processing. , Report to the Space Applications Board, National Research
Couricil. National Acadepy of Scignces, Washington, D.C., 1975.
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A ° )
wants te know how much area has been converted tQ urban use from open space in
the last year, he needs a map of land use now.and land use last year; he must
then compare the two maps. and consider only changes. Further filtering will
yield a map showing changes from open space to urban, The model which performs
this and similar jobs is termed”a '"user model." Here, the term model means an
ordered set of procedures by which decisions are made or remote sensing parame-

‘ters are converted to information useful to the user. In this casé, the model

.

is not necessarily a computerized mathematical algorithm, although many user
models could be. The information from the remote sensing system is combined with
other ipformation in the user's management model, from which he makes decisions
intended to be beneficial to society. The existence of a management model is
almost invariably a result of reaction to legislation or pressure from society
to identify and take action ¢n a certain problem. .

. In the sections that follow, scenarios are developed for each of the three
key areas mentioned in the beginning of this section. A time line (i.e., a
schedule of events) for research and devélopment, transitional, and eventual
operational systems is presented, and critical fictors are identified.

‘/. /
CHANGE-DETECTION (LAND USE AND CRITICAL ENVIRONMENTAL AREAS)‘
< . . >
The area of change detection consists of the identification of changes in

- the use of land ‘areas of states and regional areas, monitored by particular

federal agencies (e.g., national parks or national forests), and detection of
change in the condition of critical environmental areas identified by states.or
federal agencies (such as the Environmental Protection Agency). There are cur-
rent statutes which require state and federal agencies to monitor such changes.
Some private groups and local governmental units also monitor changes in areas
under their jurisdiction or of interest to thém, and more may be expected to do
so in the future, .

It is the judgment of the Panel that the land use planning community will
have a strong need for a system to detect land use changes by 1979, Such a
system will be practical ontly if it includes the economies 2kd speed of satellites
such as the Earth Observatory Satellite (EOS). NASA\should now emphasize programs
in user education, data geometric rectification, and information handling to per-
mit meeting user needs in 1979, . .

A schedule for the development of the necessary.spacecraft by the late 1970's
is presented in Figure III, Beginning in the 1974 time frame, the Panel finds
some experimental evidence that the Anderson Level I and most of Level II (urban
areas excluded) can be fairly accurately (70 to 90 percent) mapped from ERTS-1
data with spectral pattern recognition techniques. :

R&D Phase
. ‘ (

In the ERTS-2 period, the Panel recommends that emphasis be placed on estab-
lishing routines for the information extraction techniques and improving the
accuracy of recognition through the use of temporal and spatial features in the
recognition process., Examination of the utility of low- and high-altitude air-
craft multispectral scanner (MSS) data for refining classification of Level II
categorigs, especially in urban areas, and for delineating any required Level III

37 \ '
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data, should parallel the development of satellite data processing techniques.

The current emphasis on funding for collection and interpretation of primar-
ily ERTS data, with less funding for ‘collection and interpretation of high- and
low-altitude aircraft data (collected in conjunction with ERTS data), should be
changed, in order to promote more orderly land use planning remote sensing system
development. Relativély more emphasis ‘and funding should be provided for collec-
tion and analysis of aircraft data. : '

The geometric rectification techniques being developed by NASA's Goddard
Space Flight Center should be made available in late 1975. Thesg techniques
should be thoroughly exercised, and a capability for similar rectification of
low- and.high-altitude aircraft MSS data should be developed by late 1976.

At the same time. that data techniques are being developed, surveys of
federal, state, local, and private user requirements should be made as recommend-
ed in the earlier section on User Requirements. Federat—agency requirements
for information will particularly need to be assessed. In 1977, or after a
federal land use planning bill eventually passes, the transitional phase program
should be designed by a consortium of federal, stat€, and private users or their
representatives, with NASA participation. * :

In the 1975 to, 1977 time frame, the development f an information data base
should be pursued. Such a data base should be capabie of storing ancillary and | ¢
remote sensing derived information in a grid format for areas the size of a

.« state or region. This capability will be required by state and federal agencies
in the eventual operational program, and should be exercised and modified in ¢
the transitional phase. Eventual users should definitely be on the design
to assure that their requirements are served. . '

Bginping in 1975, user education will be required to.inform, especially, . -
the §tate and local users of the capabilities and aspects of remote ségsing

. .technology: The education process can be accomplished by a combinatio of the
U.S. Department of the Interior (USDI) Earth Resources Observation Sys (EROS)

Data Center instruction, intensive seminars in various states conducted by NASA
or other federal agencies, and education by universities and research groups in .
remote sensing. If users are to be convinced of the potential of Temote sensing
technology, the results of a complete change detection exercise, including the
* information’ data base results, shbduld be presented before the ifmplementation
of the transitional phase. ’ - i
In this advanced RED stage, 1é’oincident with thie life time of ERTS-2, NASA
should supply *preprocessed data investigators working closely with stdte and
fe 1 agencies. The Pane]l considers it apprOpriaté that NASA, with perhaps
sohe state and federal supgrt, fund the processing and analysis of data: The
\d sHould be~evaluated by thegusers and NASA. . i

4
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) 3 .:\‘ ™ . -
Transitional Phase "'ﬁ :

v

, In the transitional phase (1977 to 1979), the updated extractive processing
capability, the informatipn data base development, and-user requirements should
be integrated for a semi-operational test of the change detection'and monitoring
technigque. The Panel recBmmends that several large test sites,, perhaps one in
each physiographic region-of the U.S., be used. The concept of a regional data
processing center should be exercised at this time, since this is the probable
. data dissemination method of the ultimate operational system. With cooperation
. ‘between centers, the adequacy of the data analysis procedures devised in the :

. 4 o5
{4 . .
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'R&D phase can be tested. Data for the transitional\phase experiments will be
supplied by the ERTS-C or EOS-A satellite system and by low- and high-altitude
aircraft as required to permit assessment of Level II land use patterns within
urban areas. e ' ) .
* Towkrd the end of the transitional phases a first capability operational

. system could be defined, Further education of potential state and federal users,
using the results of the transitional’ phase (which should include cost estimates
of processing), should result in the identification of many more potential users.

.

]
.

- Operational Phase !

L]

Toward the end of the transitional phhse in 1979, the clear perception of
the roles of satellite and aircraft sensors and the required data processing,
capabilities will permit a definition of an initial operational system. The
operational system components cannot be specified in great detail at this time, °
but the, collection system will probably consist of aircrafy polar and (later)
geosynchronous *spacecraft, and the users' ground and auxillaxy data coliection

q procedures, Procedsing will probably take place partly in central facilities
and partly in regional facilities. Users will require a variety of intermediate
products as well as the final remote sensing information. The operational system
should include the means to permit, the user to check the accuracy* of thefinal
. information prodyct delivered ard to assuré’itg reliability, The instjfutional °
arrangements for™the operational phase are not clear now, but it seem
that the bulk of the cost will be borné by the users,

The Panel believes that a change-dete jon system could be. operjit

1979, using data from the EQS-A satellit thlow- arid high-altitude
. SEnsors. As_ later'sensor systems capabilé%iéi such as the Synchronous

" (Observatory Satellite (SEOS) become avail ble, proper rpie for these tauga
- within the change-detection system should De defined. We expect that,the impact™s ¥

. " of SEOS on change-detection capability will be pogitive and beneficial becauge’

of its ability to view areas under cloud-clear conditions at different times of.'

the day and frequently, if necessary. For example, the monitoring of Roastal-

zone areas on schedules related’to the tidal cycle would be well served by a.SEOS

system. The Pahg} feels that the capabilities of SEOS should be integrated into

the chahge-detection pregram structure already defined for the polar orbiting

spacecraft sensors and aircraft sensors, and this progress will justify additional

’

research and _modification on the %?formation data base.

1 3 o’

-

PERIODIC INVENTORY OF CRITICAL ENVIRONMENTAL AREAS
/ - .

This application consists of the detailed inventory of critical environ-
mental areas (CEA) on a periodic basis or as required if the change-detection
system indicates a change in such an drea. Typical state and. anticipated federal
legislation requirej frequent monitoring of critical areas as well as surveys of
changes by state and federal agencies. If periodic inventory of such areas is
to be accomplished by techniques other than aerial photography -- an expensive

- technique -- considerable development of rgmofb sensingjigchnology will be
required. Periadic inventory of CEA will undoubtedly require a mix of aircraft
and spacecraft sehsor data different from the change-detection application
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"because higher resolution is needed and area reqhirements are more restricted.
Because of the varying character of different critical environmental areas,
greater fllexibility in the information extraction phase will be required for

* ange detection. While an unsophisticated user model.was required for change
detection, a set of much more sophisticat®d user models may be required for
obtaining the CEA information.

Since the criteria for defining critical environmental areas are generally
not stated in legislation, the definitions used by state and federal agehcies
vary considerably. However, these agencies have mutually agreed upon certain _°*

* critical environmental areas, as follows:

Power plant environments, .
Goal and oil-shale surface-mining areas,

Cgastal zones,

National and state parks,

Key wi{ﬁlife habitat areas,

Hazardous areas (geologic, fire, flood), ' . ‘

0il pipelin;s, refineries, and ports, and

Agriculture, . . , - -
The state-of-the-art in rempte sensing assessment of the areas listed above
varies, Power plant sites have been monitored with low-altitude aircraft, pri-
marily to assess heated water effluents. Coal strip-mining areas have been
monitored successfully from ERTS, but greater spatial resolution (10 to 30 m)

- seems to be required for a detailed inventory of activities. GCoastal-zone wet-
land areas have been surveyed with low-altitude aircraft, and wetlands and
toastal water quality have-been monitored from ERTS. Detailed species recogni-
tion is'necessary for assessing coastal wetland quality, and this requires

" resolution on the order of 10 meters. Yellowstone National Park was surveyed
by ERTS-1, and preliminary vegetation and gther resource maps prepared. More
.detailed assessments, especially to assess wildlife habitat and recognize impor-
tant conifer communities (e.g., white bark pine) require both higher spatial
resolution and spectral bands different from those on the ERTS system. Wildlife
habitat areas have been surveyed from low altitude aircraft and to some extent
from spacecraft. In many cases, the size of many of the critical wildlife
habitats is small (100 to 200 km?) and a resolution of about 10 meters is required.
These areas have been effectively surveyed in Californiib’ith high-algituée infra- -
red photography. The survey of hazardous areas (geologrc,efire and flood) and

_ of oi} pipelines has,only recently started, and considerable work is required. .
Agricultural lands hjve been surveyed by low-altitude aircraft for many years and
-now by ERTS. /} -

. | . ”,
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Schedule &or Research and Development of Periodic Inventory Capability

The schedule for developing capabilities for periodically monitoring certain
environmental areas (e.g., power-plant impact, coal and oil-shale mining, coastal
zones, national and state parks, agricultural lands and-wildlife habitat areas)
is more amenable to quantification than forigonitoring other areas, such as
geologic hazards and oil pipelines, because hore research and development
work has been done, All of these activities are viewed as in the R&D stage v
now. Additional work is needed to identify the spectral bands required and to
define the necessary information extraction techniques, Because the trend in
future satéllites (e.g., EOS) is toward spettral bands optimized for those appli-
cations whch are closest to the operational stage, R&D work on thesg areas
should proceled using data frpm aircraft MSS, where data from a number of spectral
bands may be obteited. Indeed, the Telatively small extent of many of the criti-
cal areas and the generally high reselution réquirements may justify use of multi-
spectral scanners in high altitude aircraft das a part of the operational system. )

The schedule for development of each of these capabilities calls for con-
tinued R&D with low- and high-altitude aircraft, ERTS, and EOS-A;.with emphasis
in the 1980vtime period on the definition of operational system requirements.

R&D work on poténtial E0S-A systems is justified-because of the need for the high
" resolution pointable imagery (HRPI) devices potentially capable of providing the
10-meter resolution that these applications require, and the need to determine
" spectral bands, spatial resolution, and radiometric precision optimized for land
use planning applications to guide EQS-A thematic mapper* development.

}

) O

R&D Program

An R&D program is suggested to accomplish the considerable work yet to be
done in critical environmental areas. The genelal state-qf-the-art of assessment
of criticai environmental areas is such that four important requirements must be
determined: (1) some estimate of.the update cycle needed to monitor impact of
new facilities (e.g., power plants, pipelines) on the environment, (2) the pro-
vision for 10-meter resolution and a determination’ of the fractjon of the work
that cduld be done at coarser resolution, (3) the spectral bands required for
each assessment function, and (4) details of the information extraction procedure. 8

Because of the expected modest size of critical areas, and the requirement
for about 10-meter resolution, there seems to be,a need for both low~ and high-
altitude aircraft MSS, High-altitude aircraft MSS, if available by late 1976,
could provide 10-meter resolution at' swath widths nearly comparable to HRPI,
with more spectral channel fléxibility (if a modular stanner were used) in a time
frame two years before HRPI'might besame available on EOS-A. T N
, , Geometric rectification techfitques should.be developed, at least for the

- high altitude aircraft data, to permit the registration of these.data with those
of other sensors in the information data base discussed in the section on Change

.
¥

*A querate-£§§olut;on multispectral scanner being planned for possible use on
the EOS-A satgllite. ' .

’ .
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,Detection. This development should also be undertaken because there is a reason-
able expectation that aircraft monltorlngéof some of the environmentally critical
sites might prove to be the most cost-effective operatlonal solutlon.
T
v » ¢

Institutional Arrangements

The Panel suggests that for these RGD activities, NASA, other federal
agencies, and Sstate governments, where appropriate, share the costs of research,
] with NASA and 'such federal agencies as the Environmental Protection Agency and

the Department of the Interior bearj ing the brunt of the costs. As operational

requirements are defined, the federal d state agencies should be canvassed in

accordance with procedures descr1bed—fﬁnthe section onxﬁnticipated‘Information

Requlrements. ' ;

Ve T

. -

Transitional and Operational Phases

Because of current uncertainties in the length of the R&D program caused
by limitations of available aircraft sensors, geometrlc rectification, and pro~
gram funding, beginning points for the transitional and operational phases are
difficult to identify., -However, if optimum benefits aye to be derived from
an inventory of coal and oil-shale surface mining, at least a quasi-operational
capability must be available before extensive development of the western oil-
shale deposits begins. Similarly, an oil pipeline and refinery monitoring
capability should be available before Alaskan pipeline construction is far - .
advanced. Since many states have coastal-zone Negislation mow, the need for
periodic survey of coastal areas exists. An anticipated national wetlands “survey,
to be conducted by the Fish and Wildlife Service of the Department of the Interior
in the next five years, further encourages the research in this area.

~

) . L
- M .

’
LAND CAPABILITY INVENTORY '

” . .

The Panel expects that major 1mprovements in land planning would occur
if better estimates of land capability, suitabili capac1ty were available,

Initial examples of land capability information aré found 1n(the Soil Conservation
Servite soil-capability index, which provides land use planners wzth some indica-
tion of the suitability of given sites for agriculture, apd measures of the suit-
"ability of sites for residential development based on such criteria as the
engineering properties of soils and potential for Zg site sewage disposal., At

. present, such classifications have been developed.and applied to most agricul-

. tural and federal forest, range, and park lands. These schemes are relatively

% simple, however, and allow little detailed planning. Classification systems fo

urban uses have been developed and applied to areas around several cities, but
coverage is incomplete, and classifications vary considerably. The Panel believes
that an R&D program should be instituted to define the extent to which remote-
sensing systems can contribute to the process of inventorying land capability and
td define the sensor system, information ‘extraction system, and user model
requirements of such systems. s o

A L4
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*  The definition of Iand capablllty for a given use is a mu1t1d1sc1p11nary

problem, .It involves such d15c1p11nes as ‘geology, geomorphology, hydrology,
peddlogy, plant and animal ecology, climatology, agronomy, forestry, range man-
agement, civil engineering, architecture, and landscape archltecture. Specialists’,
in these disciplines, together with land use planners and technologists, will
comprise a team whose goal is the development of information extraction tech-
niques and user models to derive land- capablllty information. from the remote
sensing data. AL

CRITICAL FACTORS
' The previous discussions have mentioneQ several critical factors that
iffluence the use of remote sensing data for land uge plannlng. In this section,
X " recommended actions concernlng these critical factors are given: ' .
, Development of operational geometric rectification capability
by NASA's Goddard Space Flight Center by late“1975, - °

Development of high-altitude aircraft multispectral scanning
capability and data rectification techniques to assist in
research on critical environmental area and land capability
inventory and perhaps as part of an eventual operational systenm,

. Development of an information data base to store Information
. pertinent to the land use plannlng process derived by, both
v . remote and nonremote sensing, .
LY
. Involvement of ultimate users. 1n the transitional phase of pro-
gram development, accompanied by the development of regional :
oo analysis centers to assist in the: 1nformat10n éxtraction task

- and

g | | /I ;

Resolution-of the issues of ngd matchlng, accuracy, data )
categories, and map projectioris: _ .
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Inythe RED, transitional, apd operﬁ‘ioﬁal phases-of the land 'use change- ]
detection pyogram, the Panel sees'a néed for satellite systems of at Teast two o
sorts -- high-inclination systems (possibly sun’ synchronous) and geosynchronous. = .

The Panel feels that ultimately an operational satellite to monitor changes in
land use will be needed. In the interim, however, data frop RED satellites can
be used for-system devélopment and prototype offerations, S -
For system development, data‘from the ERTS, EGS-A and SEOS satellites can

be used. -These, data may be supplemented by data from aircraft sensors_as
required for assessment of urban areas. For research in the periodic- inventory :
.of*critical environmental areas, considerably. higher resgplution, smaller-area
. coverage and greater flexibility of spectral bapnds will*requife either high-

“altitude aircraft MSS capability, or soe modular MSS in a shuttle sortie or

spacelab mission.  Microwave Sensors and modular MSS may be required in the

spactldb and im high-altitude aircraft for reseafch or land use capability . '
intentory.. ¥ ® ~ 7 . ‘ Lor e . 4
. . ‘ 4 JALTI = .o:‘ . -
RS RES TIME FRAME .. Y Lo
RNt T . ©o. )

ERTS-2 or ERTS-C data cgf be used to ass@st in.the design of a quasi-
operational test of the chagge.detéction system. For“menitoring critical-environ-
mental areas, studies to dfte indics#te that the spatial resolation and spectral
band location are marginal \for many cases. The possibility of using temporal .
variations ia terrain signatdres an aid to.automatic'recognition of terrain
. objects remairis te be thoroughly aSses'segd,\;'ﬂsi ' S~
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. Data from the thematic mapper and from the high resolt;tiozi pb:’.ntablz §nager .
planned gioEOS-A Gould b8 used in a quasifoperational (transitSonal phase)
demonstration of the change-dgtection system. At _the same time, data from the

thematic mapper (with ahout seven spectral.bands) ‘and HRPI {potentially wit
10-meter resolution) could be used to advantage in research on peTriodic ess=

.’ ment of critical emvironmental areas and.research in land cipability invghtory.’
“Low- and high-altitude aircraft multigpectral scanﬁex:y data may sfill befrequired ,

-

for both—*researc\h and operational uses. . Co " ‘

. -
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It is clear to .the Panel that space systems will play a major role in the‘i
" ultimate operatjonal land use mapping and charige-detection. system.. Although the
exact role# cannot be defined at present,qs‘atelli‘;e's: with Both high inclination
and geosynchronous orbits are required. Sgme 'method of getting these satellites
to orbit is required. Shuttle sPstems could emplace both operatidnal high inclina-
tion and geosyhchronous land use thange-detection satellites as soon as the early

. 1980"s. However, pOtential problems eiIEZLép not haVving a shuttle high inclina-

.

tion launch capability bpefore 1982 becausdudf thé'develoPment schedule of the
‘Western Test Range. The Panel feels that some high inclination launch capability

. should be provided in the early 1980's. Gaps in this capability, or the neces-
sity of using more expensive expendable béosters, may delay the deployment of
operational change-detection satellite system,. .

- Even when an operational change-detection system exists, continued upgrading
of the system will be needed. Pbr example, detailed invemtory of critical ‘
environmental areas and land capability analysis will be added as these capabil-

.,ities are developed. Advanced experiments in these areas could be profitably

*. _performed usifig specialized or prototype operational sensors in a spacetab. The
use of microwave sensors (both passive and active) to provide all-weather-terrain,
‘mapping capability and potentially,tQ assist in the delineation of land capability
could be assessed on a spacelab mission. .o ' ) v

If an cperational change-detection program is to be relied-upon in the early
1980's continuity of service must be assured. The availability of a shuttle
papa?jlity to launch feplacement satellites, with the potential to calibrate and

*  Tepair existing ones and to fill in critical data gaps, should not be minimized.
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FINDINGS AND RECOMMENDATIONS ' -

FINDINGS

Because of 1ncreased intensity of land use planning, and the potential : for
greater awareness on the part of-1land use planners of' the potential usefulness
Qf nemote sensing, the Panel concludes that remote sensing systems will be useful
in future land use planning efforts which are 11ke1y to be requ1red because of
-expected legislation. - R ‘

The Panel further concludes that information from an aircraft-spacecraft
remote sensing change-detection system, augmented in later stages by capabilities
to periodically inventory critical environmental areas and to survey land capabil-
ity will be essential to land use planning by 1985.

The Panel concludes that remote sensing can act as a pa:;ﬁ/ﬁﬁa prod in the
plamning process because of the repetitive niture of the infafmation provided and
Jits Tapid availabpility.

. The Panel finds that although many 1and use planners are aware of the pos-
sible usefulness of remote'sensing, few have besn able to exploit its potential. .

« . The Pahel concludes that present methods for assessing the requirements of

users for remote sensigg dath and information are inadequate to properly design
and implement transitional and operational phases of the Panel's proposed change

', detection, periodic inventory, and land capability.systems.
.~ The Panel estimates that, if corventional means of data gathering are used,
about $250 million per year will be.spent in the next decade collecting 1nforma-
tion for nonfeddral agencies. .The Pamel helitves its proposed remote sensing
systems could supply more up-to-date information at significantly lower costs.

-~

: '? . mmu"m\s ‘ ' s ~

1. Iﬁe Panel recxaaqamis »hat tkree syscev* be déveaoned to provzde info
ration essen‘fhl for land use plaaning, as follows:

a. ‘*\change-dbtection syéten for monitoring land use and
crztzcal envzﬂgﬁmental areas, to be operational by 1979

. b, 4 sygtem for perzodzc detailed znventory of eritical
envirommental areas, to be operatzonal by 1983, and
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¢. A system for detailed land capability inventories, to
be operational by 1983. .

2.  The Panel recommends that NASA take the following specific actions:

a. . Prozné’e a high-altitude aircraft muZtiapécth secanner
(MSS) capability to accelerate the development of periodic
monttoring and land capability inyentory systems,

- . b.  Provide geametrically and radiomehrically corvected :
digital tapes of ERTS-2 and ERTS-C data by the end of -
1975 to permit development of the change detection system
by 1979, and )

e. Vigorously, pursue a program of documentaiion of computer

information extraction software and specification of

special purpose computer hardware. .

3. The Panel recommends that a program be eszablished to make available
to the publie, on a regulay basis, information on the current use of land in the
y8tate, region or local area and that this be done using an effective media such
as color television. . ? N

4. The Panel recommends that studies be made to resolve issues in the user
corunity eomcerning grid matching, accuracy, data categeries and map projectionsg.s

5. It is recormended that the capability be developed to provide users with
information products processed to varying degrees, and with means to verify the
accurgey of the products. ' .

6. It i8 recommended that joint federal-state remote sensing cenmters be
established on a regional or stute basis to provide area-oriemted research,
develophent, operational, and extension service to users, and, because pressing
requirenents and unique opportunities exist in Alaska, that a prototype remote -
sensing center be established thepe immediately. Consideration should also be
given to ancther prctotype in a sdate where needs and institutions are more firmly
developed, such as in California. _

7.  The Panel recommends that NASA be authorized by Comgress to provide
operational and extension (education) services.in the data extraction wid utiliza-
tion area to both public and priyate remote sensing users.

8. ., It is recowmended that c}z’fwzganents be made without,delay™for users to
participate in the plamning process, and that their pavrticipation take the form
of providing information requirements rather than semsor design parameters.

8.  The Panel recommends that a complete survey of all potential users be
conducted to determine area coverage, grid size, update cycle, and required
information, and that the survey be repeated at appropridie intervals to assess

y changes in user requirements, .

- - 48 ‘
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10.  The Panel recommends that teams of users' representatives and technolo-
gists periodically review user requirements and conmvert them into system parameter
deﬁnitions. ’ - “I )

11, The Panel recommends that any reconsideration of hational land use _
legislation inelude specific provisions for the use of remote sensing in the data
acquisition process. '
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. APPENDIX :

A LAND-USE' CLASSIFICATION SYSTEM
. FOR USE WITH REMOTE-SENSOR DATA*

For many years, agencies at federal, state and local government levels have
collected land use data, working for the most part independently and without
coordination. Too often ‘this has meant duplication of effort or acquisition of
data for a specific purpose-which were of little or no value for a similar pur- . =
pose a short time later. Attempts to resolve these problems in the collection
and hendling of different types of data have led to some reasonaﬁly effective,

though not perfect, solutions, as evidenced by current programs in soil suryeys, . 9
topographic mapping, collection of weather information and the inventory of .
forest resources. - - - 0 . )

Remote sensing techniques, in¢luding conventional aerial photogtraphy, can
now be used effectively to complement surveys based on ground pbservation and
enumeration so that a timely and accurate inventory of the current use of the

_nation's land resources is possible. At the same time, data processing

¢ techniques permit the storage of large quantities of detailed information that
can be organized in a variety of ways to meet specific needs. . Developmént and
acceptance of a system for classifying land use infordation, obtained primarily
by use of remote sensing techniqiies but reasonably compatible with existing
classification systems, is urgently needed. . :

.

i

Designing a Land Use Claééification System for Use with Remote Sepsing Techniques

‘ There is no ideal classification of lapd use and it is unlikel¥ that one r
will ever be developed.. Different perspectives in the classification process R
and the process itself tend to be subjgctive. Land use patterns change, as do .
. , . ,
’ . /]

-

*Abstracted from "A Land-Use Classification System for Use with Remote-Sensor '

* . Data," James R. Anderson, Ernest E. Hardy, and John T. foach for the Inter-Agency
. Steering Commiteg on Land Use Information and Classification, U.S. Geological
Survey, Circular 671, Wa§hingtoq, D.C., 1972. .
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demands for the natur§1 resources wkich affect development of land use patterns.
Each land use clagsification is made to suit the needs of the users and few users
will be satisfied'with an inventory that does not meet most of their needs. In
attempting to develop a classification system for use with remote sensing techni-
ques that will satisfy the needs of the majority of users, certain guidelines or
criteria for evaluation must first be established. .

"Land use" is defined as "man's activities on land which are directly re- ’
lated to the land.” Some land use activities can be directly related to the type
of land cover; for instance, farming can be inferred from planted corn. Other
activities, especially recreational activities, can be related to land cover by
use of remote sensing techniques only with difficulty; for example, hunting can
not be directly inferred from land viewed as forest, range or agricultural. Land
cover 'is therefore the basis for categorization at the first and second levels
and the activity dimension of land use for the third and fourth levels.of cate-
gérizution.

"A land use classification system must allow for the classification-of all
parts of the area under study and should also provide a unit of reference for
gach land use. A system for use with orbital imagery should meet the following
criteria: i

1. The minimal level of dccuracy 'in the interpretation of the

imagery should pe about 90 percent.

&

L4
2. The ,accuracy of interpretation for the several categories

N .

should be about equal. . -
X )
3. Repeatable results should/be obtainable from one interpreter
to another’and from one time of sensing to another.
4. The classification system should be usable or adaptable for
. use over an extensive area. y

The categorization shéuld permit vegetation and other types
of “land cover to be used as surrogates for activity.

w

6. The classification system should be suitable- for use with
imagery taken at different times of the year.

7. Effective use of sub-categories that can be obtained from
ground surveys or from the use of larger scale or enhanced
imagery should be possibre. .

8. Inter-relation of categéries must be possible.

9. Comparison with land use information compiled in the past
or to be collected in the future should be possibTe.

10. Multiple-use aspects of land use should be recognized when
R possible. .
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to that obtained in other ways. For many users of land use information} the"
accuracy of interpretation at the generalized first and second levels i satis-
factory when ¢he interpreter makes the correct interpretation 85 to 90 pgrcent
of the time. Greater accuracy will generally be attaiped only at much her
costs*wglch may not be justified for the purposes for which the informatipn is
obtaine }

The accuracy ultimately attainable at each level of the” classificatibn
system will in large part be determined by the capabilities of the sensor§.. At
present, the capabilities of aerial photographs at scales of 1:50,000 to }:20,000
or larger are well known. There has been Iimited experience with imagery Wt
scales between 1:50,000 and 1.120,000 and essentidlly no experience with ikagery
at rarios of less than 1:200,000. Experience in learning how to extract ijforma- .
tion from the commonly used 1:20,000 imagery, however; indicates tHat what er
the present ab111t) may be, 1t will improve.

equipnent for 1nterpretatton but for the most part, thes{‘/;e st111 expericgn-
tal and there is very little expértise in their use. us classification of
lahd use, from imagery will remain a v1sual 1nterpretat10n task for some time §nd
will only gradually become a semi- -automatic or fully automatic procedure.

The kinds and amounts of land use information that may be obtqsned from
different sensors depend on the altitude or the resolution of each.' There is
little likelihood that any one sensor or system will produce good information a
all altitudes. It would be desirable to evaluate each source of remote sensing
information and its applications solely on the basis for the qualities and
characteristics of the source. However, it is common practice to transfer the
data to a.base map, and no.matter what the guidelines, it is difficult to use a
Bbase map without-extracting some additional information. Topographic maps ton-
tain dn abundance of infqrmation and even road maps or a detailed city map will
contribute detail beyond the capabilities of “the remote sensor image employed.

The land use classification system described herein has been developed on
the assumption.that differtnt sensors will provide information for different
levels of classification. In general, the following relations are anticipated

.

between classification level and source of information: .o
Level 1 Satellite imagery, with very little
. . f . supplemental information
. ‘ ‘ . -
Level 11 High altitude and satellite imagery
~ _ combined with topographic maps
Level IT1 - = ° Medium altitude remote sensing (1:20,000)

, combined with detailed topographic maps
- . and substantial amounts of supplemental

information
Level- IV Low altitude imagery with most of the
‘ . -information derived from supplemental
sources . .
* |
N >
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Descoription of Classification Leyels

Satellite imagery from ERTS-1 and ERTS-2 will generally be prepared for
users at a ratio of 1:1,000,000. At this ratio, 1 centimeter represents 10
kilometers (1 inch = ~ 16 miles). Even if information is generated by trans-
ferring data to much larger scale maps, only a general classification based on
major differences in land cover can be made. This would also be true for
imagery at ratios up to 1:25,000 and Level I would be appropriate for these
sources also. ?

Level II unjts of classification are based on retrieval from imagery at a
ratio of about 1:100,000 (1 cm = 1 km; 1.in = ~ 1.6 mi). Information can be
trangferred within reasonable accuracy to fairly detailed maps, including the
U.S. Geological Survey's 1:24,000 topographic maps, and a substantial amount of
supplemental input can be obtained. The greater detail will allow classifica-
tion on the basis of more specific uses of land rather than only nine major
types of cover of Level I and the complexity of the inventory can be increased.

The categories proposed at Level II cannot all be interpreted with equal
reliability. In parts of the United States, some may be extremely difficult .
to interpret from high-altitude aircraft imagery alone. Rather than distort the
categorization and so reduce the number of useful applications, it seems pref-
erable ®0 suggest that additional steps be taken to obtain a satisfactory
interpretation. Conventional aerial photography and sources of information
other than remote sensor data may be needed for interpretation of especially
difficult areas. On the basis of previous tests, it may be assumed that the
cost of using such supplementary information can be held to reasonable levels.
anmp}es of the classifications of land use made ag Levels 1 and IT follow:

-

Level T ' Level II
01. Urban and Built-Up Land
Land | 01. Residential
02. Commercial and services
03. Industrial
04. Extractive: .
0S. Transportation, communications and
X utilities
06. Institutional .
Strip and clustered settlement
Mixed

. . Open and other
02. Agricultural Land

Cropland and pasture
Orchards, groves, bush fruits, vineyards,

and horticultural areas ) .

03. Feeding operations ;o
04. Other °
Rangeland ‘ )
: 01. Grass .
. - . 02. Savannas (palmetto prairies)
{: . -~ 03. Chaparral '
. ' ‘ . 04. Desert shrub \ ~ .

.
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Level 1 (continued) . Level II (continued)

04. Forest Land 0l. Dpeciduous -
02. Evetgreen (c9n1ferous and other)
. ] 03. Mixed . .
, hater '
- 01, Streams and waterways
d 02. Lakes

03. Reservoirs
04. Bays and estuaries

0S. Other
06. Nonforested Wetland -, A
’ 0l1. Vegetated -
02. Bare
07. Barren Land i X ’
: 01. Salt flats
02. Beaches

03. Sand other than beaches 0
' ‘ . 04. Bare exposed rock )
P 05. Other -
08. Tundra
) 0l. Tundra
09. Permanent Snow and Icefields
_ . 01l. Permanent snow and icefields
At Level III, substantial amounts of supplemental information would be_used
in addition to remotely sensed information at ratios of 1:40,000 to 1:15,000.
At a ratio of 1:244000, 1“inch represents 2,000 feet and information can be
transferred ‘directly to the 1:24,000 topograph1c maps. Surprisingly detailed
inventories may be undertaken and most land uses, except those of gerﬁxcomplex
urban areds or throughly heterogeneous mixtures, can be adequately located,
measured anpd coded.
Level IV of the proJected claSS1f1cat1on would call for much more supple-
mental information and remotely sensed data ‘at a much larger scale,
Levels III and IV are cloSely related to regional requirements; therefore,

.

no examples of these ClaSSlflcatlon requlrements are glven. . »
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